Objective-Psychological stress and trauma are risk factors for several medical and psychiatric illnesses. Recent studies have implicated advanced cellular aging as a potential mechanism of this association. Telomeres, DNA repeats that cap the ends of chromosomes and promote stability, shorten progressively with each cell division; their length is a marker of biological aging. Based on previous evidence linking psychosocial stress to shorter telomere length, this study was designed to evaluate the effect of childhood adversity on telomere length.
Introduction
Stressful life experiences have long been identified as risk factors for psychiatric disorders and, more recently, for cardiovascular and immune diseases (1-3) Psychiatric disorders such as major depression and post-traumatic stress disorder are commonly comorbid with disorders of the cardiovascular, metabolic, and immune systems (3, 4) . Recent research has focused on identifying how stress might influence common biological mechanisms for these disorders.
The biological response to stress involves the coordinated activity of several systems, including the hypothalamic-pituitary-adrenal (HPA) axis, the sympathetic nervous system, and the immune system. Acute activation of these systems serves to mobilize energy resources and prepare the individual for coping with stressors. With chronic stress exposure, however, attempts at adaptation can result in pathological perturbation of endocrine, immune, and metabolic systems (3, 5) . Chronic or excessive activation of these stress-responsive systems may also result in telomere shortening, a cellular marker of biological aging. Telomeres are regions at the ends of linear chromosomes comprised of DNA repeats that serve to "cap" the chromosomal termini, promote stability, and prevent end-to-end fusion of chromosomes. In replicating somatic cells, telomeres shorten progressively with each cell division, ultimately leading to replicative senescence, and exposure to stressors can hasten telomere shortening and lead to premature cell senescence (for a review, see (6) ). Shortened leukocyte telomere length has been linked to morbidity and mortality of age-related illnesses (7, 8) .
Several genes and proteins that regulate telomere length have been identified (6) , and telomere shortening is also induced by physiologic stressors such as exposure to radiation and toxins (9) , oxidative stress (10) and cigarette smoke (11, 12) . Of particular relevance to psychiatric disorders are recent findings in humans of an association between psychological stress and shortened leukocyte telomere length.
Epel and colleagues (13) found that both perceived stress and chronicity of care giving stress were linked to telomere shortening in peripheral blood leukocytes of healthy adult women. These indices of stress were also linked to higher levels of oxidative stress and lower levels of telomerase, a reverse transcriptase that limits telomere shortening. Damjanovic and colleagues (14) recently found shortened telomeres in caregivers of Alzheimer's disease patients who exhibited higher stress levels and higher average levels of depressive symptoms than a comparison group. Leukocyte telomere shortening has also been documented in relation to pessimism in a sample of healthy post-menopausal women (15) , and in patients with unipolar and bipolar mood disorders (16) .
Prior studies of the relationship of psychosocial stress to telomere biology have not examined effects of adversity occurring early in development. Neurobiological effects of stress may be greatest in childhood, when the brain and other systems are undergoing profound maturational changes. Rates of telomere shortening are fastest during infancy and early childhood (17, 18) , and regulation of telomere length may be programmed in early development (19) . In humans, childhood maltreatment is a common form of early adversity, and is a major risk factor for a range of adverse outcomes, including major depression, anxiety disorders, and substance abuse (e.g., (20) (21) (22) ). The present study was designed to test the hypothesis that reports of childhood maltreatment would be associated with leukocyte telomere shortening in a sample of healthy adults.
Methods

Subjects
Participants were 31 adults (22 women, nine men), ages 18-64 (mean, 26.9 ± SD 10.1). Subjects were recruited via advertisements in the community for a larger study of stress reactivity and psychiatric symptoms. Included in this study were individuals with no current or past major Axis I psychiatric disorder who reported either no history of childhood maltreatment (n=21) or a history of moderate or severe childhood maltreatment (n=10). Participants completed a medical history, physical and neurological exams, blood chemistries, EKG, and urine analysis/ toxicology to rule out acute or unstable medical illness, endocrine disease, or ongoing treatment with drugs which might influence HPA axis function, including psychotropics, beta blockers, angiotensin-converting enzyme inhibitors, ketoconazole, metyrapone, and corticosteroids.
Oral contraceptives were permitted. After complete description of the study to the subjects, written informed consent was obtained. This study was approved by the Butler Hospital Institutional Review Board.
Measures
Demographic Characteristics-Height and weight were measured in the laboratory by a research nurse and body mass index (BMI) was calculated. Participants reported the highest education level they had attained. Socioeconomic adversity was assessed with the following true/false statement: "My family was generally financially stable when I was growing up, and all of my basic needs (food, shelter, and clothing) were met during my childhood."
The Structured Clinical Interview for DSM-IV (SCID I and II, (23,24)-Current and lifetime history of Axis I psychiatric diagnoses were assessed using the SCID for DSM-IV, and participants with no lifetime major Axis I disorder were included in this study. Current Axis II diagnoses were assessed but did not form the basis for inclusion or exclusion. One participant was missing SCID II data, one participant met the criteria for obsessive-compulsive personality disorder, and one met the criteria for personality disorder not otherwise specified. Both of the latter participants reported a history of childhood maltreatment as defined below.
The Childhood Trauma Questionnaire (CTQ)-The 28-item version of the CTQ (25) was used to assess childhood maltreatment. This measure has excellent psychometric properties (26) including high test-retest reliability (27, 28) , as well as convergent validity (25, 29, 30) . Participants were selected if they reported either no childhood maltreatment (no maltreatment group) or moderate to severe levels of childhood maltreatment (maltreatment group) on any of five subscales (physical abuse, sexual abuse, emotional abuse, physical neglect, emotional neglect).
The Perceived Stress Scale-(PSS, (31)), a 14-item questionnaire, was used to measure the degree to which life situations were perceived as stressful over the past month.
Telomere Measurement-DNA was extracted from frozen whole blood using standard methods. The real-time quantitative polymerase chain reaction (qPCR) was used to obtain a measure of telomere length using the method of Cawthon (32) . The number of telomere repeats was determined in conjunction with the number of copies of the beta-hemoglobin gene, which served as a reference single-copy gene to account for genome copy number in each sample. Thus, telomere length was expressed as a ratio of telomere copy number over single gene copy number (T/S), which was normalized to the T/S from a reference DNA each time the assay was performed. PCRs were performed in 96-well reaction plates; the quantification of telomere length and the single-copy gene were performed separately in triplicate. Each 96-well plate contained 6 serial dilutions of the same DNA standard spanning the estimated DNA concentrations of the samples to be assayed. All measurements on the same plate were normalized to the DNA standards, and a conversion factor applied to control for batch-to-batch variation. Following the method of Shen and colleagues ((33)), we standardized our values to the average of all the white blood cell T/S ratios. Data are reported as the average of the three triplicate measurements. Intra-assay variability for the standard ranged from a standard deviation of 2.5 to 15% of the control (a set of dilutions of the standard DNA). Inter-assay variability ranged from 1.7% to 7.3% (standard deviation) for actual samples quantitated in triplicate.
Statistical Analysis-T-tests and chi square tests were used to test for differences between the maltreatment and comparison groups on demographic factors and the measure of telomere length. The primary analysis assessed whether the maltreatment group and the no maltreatment group differed with respect to telomere length. In addition, exploratory analyses examined the association of the individual maltreatment types with telomere length.
Results
Subject Characteristics and Analysis of Potential Confounds
Most participants reporting a history of moderate or severe maltreatment endorsed more than one form of maltreatment (minimal, moderate, or severe, n=7, 70%). Eight subjects (89%) reported emotional abuse, eight (80%) emotional neglect, seven (70%) physical neglect, four (40%) physical abuse, and two (20%) sexual abuse. The individual maltreatment subscales of the CTQ were highly inter-correlated (r's > .5), with the exception of the sexual abuse subscale (only two participants reported sexual abuse). Mean scores on the subscales are shown for each group in Table 1 . Table 1 shows the demographic and abuse characteristics of the maltreatment and no maltreatment groups. The maltreatment group did not differ significantly from the comparison group with respect to age, smoking status, BMI, hormonal contraception use in females, race, education, socioeconomic adversity, or perceived stress on the PSS.
Telomere Length in Relation to Childhood Maltreatment
A t test showed that the maltreatment group had significantly shorter telomeres than the group reporting no childhood maltreatment (0.70 ± 0.24 versus 1.02 ± 0.52; t(29) = 2.4, p = .03; Fig.  1 ). Analysis of the CTQ subscales (excluding sexual abuse which was endorsed by only two subjects) showed that shorter telomeres were associated with both physical neglect (0.59 ± 0.15 versus 0.99 ± 0.49; t(26.9) = 3.5, p = .002) and emotional neglect (0.69 ± 0.24 versus 0.99 ± 0.51; t(25.6) = 2.2, p = .04). This association did not reach statistical significance for physical abuse or emotional abuse (p = .057 and p = .054, respectively).
Discussion
These results extend previous reports linking shortened leukocyte telomere length and caregiver stress to more remote stressful experiences in childhood. In this study, reported maltreatment was moderate-severe in degree, and a variety of types of abuse and neglect were represented. Analysis of subtypes of maltreatment suggested that neglect may have the most robust effect, but given the modest sample size we cannot rule out effects of other forms of abuse. Both emotional neglect and physical neglect were linked to shorter telomeres, thus it is possible that in addition to the psychological effects of stress, physical stressors such as inadequate nutrition or illness contributed to the findings.
In contrast with previous work, this study did not find an effect of recent perceived stress on leukocyte telomere length; it is of note that childhood maltreatment was not correlated with recent perceived stress in this sample. This study included only individuals with no current or past Axis I psychiatric disorder because some psychiatric disorders have been linked to telomere shortening. Shortened telomeres may represent a risk factor for such disorders or other adverse health outcomes in this sample. On the other hand, in addition to such a risk factor, these participants may have some factors that confer resilience, given the absence of psychiatric disorder even in the maltreatment group. This study is limited by the modest sample size and the cross-sectional nature of the study. In addition, the CTQ is a brief, retrospective self-report questionnaire that may be subject to recall and other biases. We did not find an association of telomere length with age in this sample which is not surprising given that all but three subjects were younger than age 40. The rate of telomere sequence loss in human leukocytes varies with age, and little change in telomere length occurs in young adults (34) Given the range of influences on telomere length, it is possible that other variables, including genetic factors (35) , could have influenced telomere length. However, the findings cannot be explained by effects of age, sex, smoking status, BMI, level of education, medical or psychiatric illness, or a measure of childhood socioeconomic adversity.
The pathway from psychological stress to telomere shortening remains to be elucidated, but glucocorticoid-associated oxidative stress damage is a likely mediator of this association (36, 37) . Glucocorticoids are released from the adrenal gland in response to stress and have been shown to increase neuronal oxidative stress damage (36) (37) (38) (39) . Increased levels of oxidative stress have been seen in subjects reporting psychological stress (13, 40) and depressive symptoms (41) , and oxidative stress reduces telomere length in vitro (42) .
The present findings suggest that links of childhood maltreatment with psychopathology and associated medical problems could be due to effects of stress on cellular aging. Further work is needed to replicate these preliminary findings and determine whether potential mediators of this effect, including glucocorticoid activity, oxidative stress, reduced telomerase levels, and immune activation, may be responsible for telomere shortening in response to psychological stress. Moreover, longitudinal studies on the effects of psychosocial stress and trauma on changes in telomere length over time are needed to more fully characterize this relationship. 
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